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Context: Researchers have identified differences in metabolic activity between vita
mins D2 and D3. Moreover, it is suspected from randomized controlled trial data 
that vitamin D2 supplementation increases the metabolic clearance of 25-hydroxy
vitamin D3 [25(OH)D3], but this effect has yet to be quantified.
Objective: This study sought to undertake a systematic review and meta-analysis 
of the effect of vitamin D2 supplementation on serum 25(OH)D3 concentrations.
Data Sources: PUBMED was searched for articles published from January 1, 1975, 
to February 1, 2023. Of the 202 articles retrieved, 20 were included in this review, 
and of those, 11 were suitable for meta-analysis.
Data Extraction: Randomized controlled trials reporting either baseline and post
intervention serum 25(OH)D3 concentrations (nmol/L) or absolute changes in con
centrations were included. Random-effects meta-analyses were calculated using 
Review Manager (version 5.3; The Cochrane Collaboration). Mean differences were 
reported with 95% CIs.
Data Analysis: In meta-analyses there was a reduction in serum 25(OH)D3 after 
vitamin D2 supplementation compared with control for end-of-trial between- 
groups data (random weighted mean difference [WMD] ¼ −17.99 nmol/L; 95% CI, 
−25.86 to −10.12; P< .00001) and absolute change over the trial (random WMD 
¼ −9.25 nmol/L; 95% CI, −14.40 to −4.10; P¼ .0004).
Conclusions: Study participants who received vitamin D2 supplementation 
showed statistically significant reductions in serum 25(OH)D3 concentrations, com
pared to controls without supplementation. An inverse relationship between vita
min D2 and D3 concentrations has been proposed in the literature. A regulatory 
mechanism that increases the disposal rate of 25(OH)D after an increase in 
vitamin D concentrations could explain these results. However, further research is 
needed to establish whether vitamins D2 and D3 elicit different changes in overall 
vitamin D metabolism that might influence clinical advice to recommend vitamin 
D3 supplements over vitamin D2 supplements, where appropriate.
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INTRODUCTION

Vitamin D is a fat-soluble prohormone that helps to 

maintain calcium homeostasis and influences immune 

function and cell turnover.1,2 Functions of vitamin D 

continue to be explored as research further elucidates 

the relationships between serum 25-hydroxyvitamin D 

[25(OH)D] levels and both musculoskeletal and non- 

musculoskeletal health outcomes.3 Positive associations 

between vitamin D sufficiency and health benefits have 

been observed for osteomalacia and rickets, cancer, car

diovascular disease, oral health, and some autoimmune 

and allergic conditions.3–5 However, larger-scale 

randomized controlled trials (RCTs) may be required to 

further explore the promising results of epidemiological 

and molecular studies.

There are 2 forms of vitamin D: vitamin D2 (ergo

calciferol) and vitamin D3 (cholecalciferol). Vitamin D3 

is the form of vitamin D synthesized in human and ani

mal skin upon exposure to ultraviolet B (UVB) radia

tion from sunlight. UVB radiation causes photolysis of 

7-dehydrocholesterol (7-DHC) in the skin epidermis, 

which leads to production of cutaneous previtamin D 

and is subsequently thermally isomerized into vitamin 

D3.6,7 This vitamin D3 produced from UVB radiation, 

in addition to vitamins D2 and D3 consumed from diet

ary sources, then undergo serial hydroxylations in the 

liver and kidneys to form 1,25-dihydroxyvitamin D, the 

hormonally active form of vitamin D.8 This hydroxyla

tion process is mediated by cytochrome P450 (CYP) 

enzymes, starting with cytochrome P450 25-hydroxylase 

(CYP2R1), which is the primary enzyme responsible for 

the 25-hydroxylation of vitamins D2 and D3 into calci

diol [25-hydroxyvitamin D or 25(OH)D] in the liver. 

Subsequently, in the kidneys, cytochrome P450 1α- 

hydroxylase (CYP27B1) synthesizes the active metabo

lite calcitriol [1,25-dihydroxyvitamin D or 1,25(OH) 

2D]. The UVB wavelengths need to be in the range of 

290-315 nm for production of dermal vitamin D.9 This 

means that for latitudes of 40 degrees North or South 

and higher, for at least 1 month per year (and at more 

extreme latitudes for 6 months per year) no meaningful 

amounts of vitamin D can be produced. Therefore, 

adequate serum concentrations need to be achieved 

through consumption of vitamin D–rich foods, and/or 

supplementation.

Endogenous vitamin D synthesis is dependent on 

the percentage of skin exposed to the sun, as well as 

exposure time.10 Many individuals do not synthesize 

sufficient vitamin D due to limited skin exposure, life

style, seasonality, conservative clothing, or use of 

sunscreens with high sun protection factors. Recent 

research also suggests that individuals of older age and 

those belonging to ethnic groups with darker skin 

pigmentation may have reduced dermal vitamin D3 

synthesis. For older individuals, this reduction is attrib

utable to decreasing quantities of 7-DHC in the skin 

epidermis as age increases.11,12 For individuals with 

darker skin, the pigment melanin can absorb UVB radi

ations which reduces production of pre-vitamin D.13

Vitamin D3 is also present in some animal products 

including oily fish (such as salmon, sardines, and mack

erel), egg yolks, and meat.14 Mushrooms are the main 

source of vitamin D2 in foods, including wild and 

UVB-treated mushrooms.15 Quantities of both D2 and 

D3 vary depending on the climate and environment of 

the animal or fungus and their resulting sun exposure.

Vitamin D2 and D3 are structurally similar, but 

vitamin D2 is differentiated by an additional methyl 

group linked to carbon 24 and a double bond between 

carbons 22 and 23.8 The D2 and D3 forms of vitamin D 

have been studied for possible variability when influenc

ing total serum 25(OH)D levels and were previously 

considered to be of equal potency in their ability to 

increase serum 25(OH)D.16,17 However, recent research 

has shown vitamin D3 to be more effective, particularly 

when pre-intervention serum 25(OH)D concentrations 

are <50 nmol/L or in a state of deficiency.18,19 These 

findings suggest that research should continue into the 

comparative metabolism and functions of vitamins D2 

and D3.

The article search for this publication did not reveal 

any systematic reviews or meta-analyses performed to 

investigate the impact of vitamin D2 supplementation 

on vitamin D3 concentrations; however, several RCTs 

have examined this relationship. Indeed, an inverse rela

tionship between D2 and D3 has been observed on sev

eral occasions, but this relationship has often been an 

incidental finding within studies performed with a dif

ferent research aim.20,21 Stephenson and coworkers22

reported a proportional decrease in serum 25(OH)D3 

in a study performed to investigate the effects of vitamin 

D2 supplementation on serum 25(OH)D and 25(OH) 

D2 concentrations. Following this finding, Hammami 

and co-workers suggested it to be a reciprocal phenom

enon in which serum 25(OH)D2 decreases upon vita

min D3 supplementation, and 25(OH)D3 decreases 

with vitamin D2 supplementation.23 In many RCTs, 25 

(OH)D3 concentrations for the vitamin D2 supple

mented cohort appear to be diminished below concen

trations of the placebo supplemented groups.18,23–25

However, the biological mechanism for this finding is 

currently unclear.

The aim of the present study was to review current 

RCT evidence to quantify the amount by which serum 

vitamin 25(OH)D3 concentrations decrease when study 

participants receive vitamin D2 supplementation 
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compared to those who received a placebo or were 

unsupplemented controls.

METHODOLOGY

Study Identification and Search Procedures

PUBMED was searched using the Boolean operator 

terms “Vitamin D2” OR “25OHD2” OR “ergocalciferol” 

AND “Vitamin D3” OR “25OHD3” OR 

“cholecalciferol” and the search results were filtered by 

date (from January 1, 1975, up to February 1, 2023) and 

type of study (RCT). The reference list of a relevant, 

recent publication by Balachandar and co-workers26

was also searched for additional articles.

Initial screening involved selecting studies with rel

evant titles and abstracts for further analysis. 

Subsequent inspection was performed to assess whether 

baseline and postintervention serum 25(OH)D3 con

centrations, or the absolute change, were reported in 

the results of each article. Screening was conducted by 

E.I.G.B., according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines,27 with inclusions inspected by A.L.D prior 

to analysis and any disagreements resolved by a third 

party (S.A.L-N).

Eligibility Criteria for Inclusion

Table 1 details the eligibility criteria according to the 

PICOS (Population, Intervention, Comparison, 

Outcomes and Study) framework.28 Study characteris

tics were tabulated and compared against PICOS crite

ria to assess eligibility. Included studies were 

randomized, controlled studies in humans of any sex. 

They needed to report the baseline and post- 

intervention serum concentration of 25(OH)D3. 

Supplementation types in the study interventions could 

be either dietary food fortification, or standardized sup

plements. The strength and frequency of dose was not a 

basis for exclusion. Studies involving pregnant or 

breastfeeding women were excluded. Studies involving 

children were included for systematic review but were 

excluded from meta-analysis as they were dissimilar to 

adult studies.

Data Extraction

For each study, lead author surnames, year of publication, 

country of origin, study design, number of participants 

(in both D2 supplemented and control groups), type of 

control, duration of study, supplementation frequency 

and dose strength were extracted. For studies in which 

the supplement or food fortification dose was tested, the 

revised and confirmed actual dose was extracted. The 

mean baseline and post-intervention serum concentra

tions and SD of vitamin D metabolites (25(OH)D, 25 

(OH)D2, and 25(OH)D3) were also extracted for all par

ticipants collectively. If the post-intervention concentra

tions were not recorded, the measures from the latest 

time point were used as an alternative.

The SD values were calculated from the SEM values 

or CIs where required. Vitamin D supplement doses 

from the RCTs were, if not already, translated into 

international units (IU) for data synthesis (µg × 40.0). 

For consistency in quantifying units, serum concentra

tions of 25(OH)D, 25(OH)D2 and 25(OH)D3 were 

expressed in nanomoles per litre (equivalent to nano

grams per millilitre × 2.5).

For consistency, for articles reporting studies with 

multiple vitamin D2 supplemented study arms, the 

highest supplement dose was chosen. When studies pro

vided both tablet and food supplements, the tablet form 

was chosen to be more consistent with the other 

included studies. Food fortification studies most often 

used fortified mushrooms; however, the study by 

Tripkovic et al.18 involved juice or biscuit supplementa

tion. The juice was selected as a closer comparison to 

the fortified mushrooms reported in other articles, 

because the plant fibers of the juice were more similar 

to the food matrix of the fungi than that of the biscuit, 

which contains animal fats and protein.

Statistical Analysis

The included studies were grouped and meta-analyses 

were performed according to the type of data published 

in the articles: either the end of trial mean and SD or 

the absolute change and SD for the course of the inter

vention. Review Manager (version 5.3; The Cochrane 

Collaboration) was used to conduct the meta-analyses 

and produce forest plots. Mean differences were 

Table 1. PICOS Criteria for Inclusion and Exclusion of 
Studies
Parameter Criteria

Population Humans of any age, sex, or ethnicity. 
Pregnant and/or breastfeeding women 
were excluded.

Intervention Vitamin D2 supplementation; dietary 
food fortification or standardized sup
plementation. No restriction on 
strength or frequency of dose.

Comparison Control or placebo group.
Outcomes Baseline and postintervention serum 25 

(OH)D3 concentrations (nmol/L) for 
vitamin D2 supplemented and control/ 
placebo group.

Study Design Randomized controlled trials.
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reported with 95% CIs. For the meta-analyses, vitamin 

D2 supplementation was compared to control. Random 

effects models were used due to potential heterogeneity, 

with interpretation of I2 statistics. Sensitivity analyses 

were conducted to evaluate the robustness of the meta- 

analyses. Risk of publication bias was not assessed due 

to the numbers of studies in the meta-analysis being too 

small for inclusion in funnel plots. Included studies 

were assessed for methodological quality using the 

Jadad scale.29

RESULTS

Study Selection

The PRISMA flow chart in Figure 1 details the process 

and outcomes of study selection for the systematic review 

and meta-analysis. Of the 184 records screened, 50 had 

irrelevant content. Seven publications were successfully 

retrieved by inter-library loan for screening; however, 3 

articles were irretrievable and were therefore excluded 

from review. From the 131 reports assessed for eligibility, 

111 studies were excluded. A total of 20 articles were 

included in the systematic review, with 11 also included 

in meta-analysis. The final set of studies meeting the 

inclusion/exclusion criteria of the systematic literature 

search are displayed in Table 2.16,18,20,22–25,30–42

Characteristics of Included Studies

Table 2 shows the 20 studies included in the review. 

Study durations ranged from 3 to 25 weeks. 

Supplementation frequency varied between a single 

bolus dose to daily supplements with 300-100 000 IU in 

a single dose. In total, there were 1080 participants in 

the control and vitamin D2 supplementation groups, of 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow-Chart Showing a Summary of Study 
Identification and Search Procedures
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whom 60 participants were aged <18 years across an 

infant study and a pediatric study.17,31,32 Of the 20 

included studies, 18 identified reductions in serum 25 

(OH)D3 after vitamin D2 supplementation. Of those 18 

studies, 16 studies reported that compared with the pla

cebo group the participants given vitamin D2 supple

mentation demonstrated greater reduced change or 

lower mean serum 25(OH)D3 concentrations.18,22– 

25,31,33–42 Reductions in serum 25(OH)D3 were 

reported in 2 studies,16,30 but the reduction levels did 

not differ significantly between the vitamin D2- 

supplemented groups and the placebo groups. Two 

articles reported increases in serum 25(OH)D3 after D2 

supplementation.20,32 However, in 1 article the increase 

remained lower in the participants in the D2- 

supplemented group than those in the placebo group.32

Meta-Analysis

From the 20 articles included in the systematic review, 

11 contained sufficient data for inclusion in meta- 

analysis. Two articles that reported on infants were 

excluded31,32 and a further 7 articles were excluded due 

to missing or unconvertible data.

There were 655 participants (342 vitamin D2 sup

plemented vs. 313 control) across the 11 studies in the 

meta-analyses. All except 1 of the studies involved 

healthy participants.39 One article reported a study in 

which participants had a health condition that included 

exercise-induced muscle damage; however, the study 

was included as the condition was deemed unlikely to 

have a negative impact upon the study results of 

vitamin D absorption and concentrations.39 Eight of the 

11 studies had mixed male and female participants. One 

study observed a male-only population that was split 

into young (n¼ 9) and old (n¼ 9) participant groups, 

so the finding for the younger population was included 

in the present review as a closer comparison to the other 

included studies.33 One other study focused on a 

female-only population but compared South Asian 

(n¼ 63) and White European (n¼ 228) participants.18

The final study did not specify the sexes of the study 

participants (n¼ 28).39

Nine of the studies used a placebo supplement, 

whereas Harris et al.33 and Nimitphong et al.40 had 

instead a control group with no supplementation. The 

frequency of supplement consumption and dose of 

vitamin D were both highly variable between the 

included studies. Supplementation frequency ranged 

from a single bolus dose to daily supplementation, with 

7 of the studies following a frequency of once daily. 

Studies varied considerably in duration, with the study 

by Fisk et al.16 having the shortest duration of 4-weeks, 

while the study by Zajac et al., had the longest duration 

of a 6-month supplementation period.42 The dose 

ranged from 300 IU up to 50 000 IU as a result of the 

varied frequency of supplementation.

Figure 2 shows that the mean end concentrations of 

25(OH)D3 were significantly lower in the D2 supple

mented group, with a weighted mean difference of 

−17.99 nmol/L (95% CI, −25.86 to −10.12; z¼ 4.48; 

P< .00001). Serum 25(OH)D3 concentrations were 

higher in the non-supplemented and placebo groups 

than in the vitamin D2 supplemented groups. Five of 6 

studies showed a negative absolute change in serum 25 

(OH)D3 with both D2 and control supplementation, 

with a larger negative change in the D2 group 

(Figure 3). One study showed a positive mean change in 

both groups, with the control group having a slightly 

higher positive change. The mean difference in the 

meta-analysis was statistically significant, with the D2 

supplemented group having a larger negative change in 

serum 25(OH)D3 than the control group, with a 

weighted mean difference of −9.25 nmol/L (95% CI, 

−14.40 to −4.10; z¼ 3.52; P¼ .0004).

Risk of Bias

Table 316,18,20,22,23,33,36,38–40,42 displays the risk of bias 

analysis for the 11 RCTs included in the meta-analyses. 

Eight of the studies involved double blinding in their 

methodology; 7 of these studies included detailed use of 

an appropriate placebo. For 10 of the 11 studies the 

Figure 2. Meta-Analysis: Random-Effects Meta-Analysis Comparing the Mean Difference (95% CI) Between the Mean End Concentrations of 
25-hydroxyvitamin D [25(OH)D] (nmol/L) for Vitamin D2 Supplementation and Control
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articles stated their randomized nature, and 8 of these 

articles included descriptions of the exact method of 

randomization utilized. Only 4 studies detailed the 

number of participants who withdrew and the reason 

for withdrawal. Overall, risk of bias analysis suggests 

that there is some risk of bias in the studies included in 

the meta-analyses.

Heterogeneity and Sensitivity Analysis

The heterogeneity data presented in Figures  2 and 3

show that I2 values in the meta-analysis were high 

(83%) and moderate (69%), respectively. For the analy

sis presented in Figure 2 (D2 vs control, end of trial 

data), the I2 level varied from 59% to 85%, depending 

on which study was removed. A sensitivity analysis was 

conducted for this meta-analysis (data not shown), and 

statistical significance was not altered when any study 

was removed from the analysis; effect-size changes were 

small, with no effect size change larger than 2.5 nmol/L. 

Similarly, for the analysis presented in Figure 3 (D2 vs 

control, absolute change data), the I2 level varied from 

50% to 75%, depending on which study was removed. 

For the sensitivity analysis (data not shown), statistical 

significance was not altered when any individual study 

was removed from the analysis and effect size changes 

were small, with no effect size change larger than 

2.2 nmol/L.

DISCUSSION

The aim of this study was to review the current RCT 

evidence to quantify the amount by which serum vita

min 25(OH)D3 concentrations decrease in study partic

ipants who receive vitamin D2 supplementation, 

compared participants who received a placebo or were 

unsupplemented controls. Of the 20 articles in the sys

tematic review, 18 found that vitamin D2 supplementa

tion was associated with a decrease in serum 25(OH)D3 

concentrations. Although a rise in serum 25(OH)D3 

after vitamin D2 supplementation was reported in 1 

article,20 the increase was less than that of the placebo 

group. The rise in 25(OH)D3 could be the result of con

founding UV exposure from sunlight, as the study ran 

from February into May when UVB wavelengths in 

Boston can produce dermal vitamin D.43

Meta-analysis revealed a statistically significant 

decrease of approximately 18 nmol/L in serum 25(OH) 

D3 concentration in study participants after vitamin D2 

supplementation compared to non-supplemented 

Figure 3. Meta-Analysis: Random-Effects Meta-Analysis Comparing the Mean Difference (95% CI) between the Absolute Change 
Concentrations of 25-hydroxyvitamin D [25(OH)D] (nmol/L) for Vitamin D2 Supplementation and Control

Table 3. Post-Intervention Serum 25(OH)D3 Concentrations and Jadad Score of Studies Included for Meta-Analysis
Reference Vitamin D2 supplementation, nmol/L Control/placebo supplementation, nmol/L Jadad scorea,29

Mean SD Change SD Mean SD Change SD

Biancuzzo et al. (2013)20 42.00 – 3.25 28.00 48.50 – 4.5 10.00 2
Fisk et al. (2012)16 36.1 – −2.9 9.16 26.6 – −3.1 7.00 5
Hammami et al. (2019)23 39.90 14.00 −12.4 – 50.80 12.30 −3.05 – 3
Harris et al. (1999)33 25.70 – −6.7 6.8 33.2 – −1.7 6.3 1
Lehmann et al. (2013)36 16.6 6.3 −19.8 9.6 31.1 12.4 −8.3 6.1 5
Mitchell et al. (2015)38 20.00 10.00 – – 47.50 22.50 – – 4
Nieman et al. (2013)39 – – −18.7 5.7 – – −5.28 2.73 2
Nimitphong et al. (2015)40 28.00 8.5 −32.75 7.75 62.50 14.5 −2.0 – 2
Stephensen et al. (2012)22 39.5 – −29.5 18.03 89.07 – −3.93 16.32 4
Tripkovic et al. (2017)18 17.00 9.61 t – 24.30 13.37 – – 5
Zajac et al. (2020)42 47.02 19.53 – – 61.90 18.22 – – 4
Abbreviations: 25(OH)D, 25-hydroxyvitamin D.
aThe Jadad Scale ranges from 0 to 5 and assesses the methodological quality of an RCT. Scores of 3 or higher are generally indicative 
of sound methodological quality.
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participants who received a control or placebo. When 

analyzing absolute change data, compared with the con

trol group the D2 supplemented group had a significant 

reduction in serum 25(OH)D3, of approximately 

9 nmol/L. Therefore, these meta-analyses confirm that 

D2 supplementation reduces serum 25(OH)D3 

concentrations.

There are no previous reviews to compare the find

ings reported here, and the physiological mechanisms 

behind these results have not yet been fully elucidated. 

Hammami et al.23 attempted to explain the physiologi

cal response by drawing a direct comparison between 

the functioning of vitamins D2 and D3, and these inves

tigators proposed that the 2 vitamins have inverse 

mechanisms and decrease each other to achieve control 

over total serum 25(OH)D concentrations. All of the 11 

studies included in these meta-analyses reported con

centrations of 25(OH)D2 as well as 25(OH)D3. 

Interestingly, 10 of these studies found a significant dif

ference in the concentration of 25(OH)D2, either a sig

nificant change from baseline concentrations, a 

significant difference between the vitamin D2 supple

mented group compared to the control, or a significant 

increase in the number of participants with a detectable 

25(OH)D2 concentration >5 nmol/L. The remaining 

study did also find a rise in 25(OH)D2 concentrations 

in the vitamin D2 supplemented group from undetect

able levels to a mean of 39.8 nmol/L at day 14 and 

19.4 nmol/L at day 56; contrastingly, the mean 25(OH) 

D2 concentrations remained undetectable for the dura

tion of the study in the placebo group.23

However, the theory by Hammami et al.23 does not 

explain why/how supplementation of 1 vitamin D 

metabolite leads to decreased concentrations of the 

other vitamin D metabolite. Hammami and Yusuf25

suggested that rather than the decrease in 25(OH)D3 

concentrations being a direct result of vitamin D2 func

tioning, that it may be the result of a regulatory mecha

nism that disposes of 25(OH)D after an increase in 

vitamin D concentration. There has been no quantifica

tion to specify at what serum 25(OH)D concentrations 

this effect would be enacted. This theory may also 

explain why vitamin D3 supplementation can also cause 

a decrease in serum 25(OH)D2 concentrations.25

Durrant et al.44 conducted a blood transcriptome 

analysis and identified differentially expressed genes 

after vitamin D2 or D3 supplementation. Their findings 

suggested that both vitamin D2 and D3 can potentially 

cause the immune system to be more tolerogenic. 

However, only vitamin D3 had a stimulatory effect on 

type 1 and II interferon activities, which play essential 

roles in the innate immune response to infections.44

Although the study by Durrant et al.44 focused on the 

respective functioning of vitamins D2 and D3 in the 

context of the blood transcriptome and gene expression, 

this study highlights the possibility that vitamin D2 and 

D3 are not of equivalent benefit when supplemented. 

Further evidence is needed, but vitamin D3 might be 

the preferential type of vitamin D supplementation, sub

ject to individual preference, due to its potential addi

tional benefits to human health over vitamin D2.

The more rapid decline in 25(OH)D3 levels 

observed following dietary supplementation with vita

min D2 is likely a result of homeostatic mechanisms 

activated by the increase in total 25(OH)D due to the 

supplementation. The primary enzyme responsible for 

the conversion of vitamin D to 25(OH)D is CYP2R1, 

which has similar activity on vitamins D2 and D3.45

However, it is not the sole enzyme responsible for 25- 

hydroxylation of vitamin D, and at least one of the other 

candidate enzymes, cytochrome P450 25-hydroxylase 

(CYP27A1), acts preferentially to 25-hydroxylate the D3 

form.46 Thus, there is scope for differential metabolism 

of the D2 and D3 forms at this stage in the pathway. 

However, based on current knowledge, it is not clear 

whether CYP2R1 and CYP27A1 are regulated in 

response to changing vitamin D status. In contrast, the 

1-α hydroxylase CYP27B1, which converts 25(OH)D 

into 1,25(OH)2D, and cytochrome P450 24-hydroxylase 

(CYP24A1), which is responsible for the first step in the 

catabolism of both 25(OH)D and 1,25(OH)2D, are both 

well known to be regulated by vitamin D status.45

CYP27B1 activity is upregulated by parathyroid hor

mone (PTH), which is increased when vitamin D status 

is low, and downregulated by fibroblast growth factor 

23 (FGF-23), which is released from bone in response to 

1,25(OH)2D. Conversely, CYP24A1 is inhibited by 

PTH and activated by FGF-23. Thus, activation of 

CYP24A1 in response to vitamin D2 supplementation is 

a plausible explanation for the observed enhanced clear

ance of 25(OH)D3.47

In terms of the limitations of this analysis, meta- 

analysis heterogeneity was moderate to high, and in the 

future when more studies have been published it will be 

important to undertake meta-regression to assess the 

possible factors contributing to this heterogeneity. Risk 

of quality bias was not negligible and the Jadad scale29

suggested some weaknesses in quality of included stud

ies in the meta-analysis. This was primarily a result of 7 

of the 11 included studies failing to detail the number of 

participants who withdrew from the RCT. In addition, 

only 8 of the 11 studies utilized double blinding, with 1 

of these studies not detailing the method used. 

Publication bias could not be assessed due to insuffi

cient available studies in either meta-analysis to con

struct a valid funnel plot. Publication bias is unlikely to 

have unduly affected this analysis due to much of the 
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data being drawn from secondary research hypotheses 

or from incidental findings.

In the full systematic review of 20 studies, several 

RCTs contained participant populations with diagnosed 

disease. However, the meta-analysis only included 1 

study out of the 11 that recruited participants who had 

a health condition, which minimizes the impact that 

nonhealthy participants could have had on the meta- 

analysis. When the study with nonhealthy participants 

was removed in the sensitivity analysis, the meta- 

analysis results remained statistically significant, which 

demonstrates that the health outcome was not affecting 

the statistical significance of the result.

The mean body mass index (BMI) at baseline, spe

cifically within the participant groups included for this 

meta-analysis, ranged between 22.1 and 28.1 kg/m2 

across 9 of the 11 included studies in meta- 

analysis.16,18,22,23,33,36,38,40,42 Of these 9 studies, 2 used 

BMI as a criterion on which to base participant eligibil

ity,16,22 while the remaining 2 studies out of the 

included 11 did not detail any information on partici

pant BMI.20,39 As all mean BMI data, as detailed above, 

fell within the healthy to overweight range, it is there

fore unlikely that participant BMI had a significant 

impact on the supplementation outcomes of the 

included studies.

Of the 11 studies included in meta-analysis, 5 of 

them had used liquid chromatography–tandem mass 

spectrometry (LC-MS/MS) assays to measure 25(OH) 

D3 concentrations,20,36,38,40,42 while a further 2 used 

high-performance liquid chromatography (HPLC)-MS/ 

MS18,39 and 2 used ultraperformance liquid chromatog

raphy (UPLC)-MS/MS.16,22 To date, LC-MS/MS assays 

are considered to be the “gold-standard” assay when 

quantifying 25(OH)D because of its high level of sensi

tivity. This left 2 RCTs having measured 25(OH)D3 

using an HPLC33 or reversed-phase (RP)-HPLC23 assay 

which, although not as well reputed or utilized com

pared to LC-MS/MS assays, is still thought to be more 

accurate compared to immunologically based methods, 

which have variable analytical performance. The varia

tions in the assays used in the analytical methodologies 

of the included RCTs are likely to have had an impact 

upon the absolute mean difference values calculated. 

However, the statistical comparisons drawn between 

groups from each individual study should be valid, and 

so the variation in methods is unlikely to have had a 

major impact upon the findings of this review. In 2 of 

the 11 included studies,18,42 the laboratories which per

formed the assays adhered to the Vitamin D External 

Quality Assessment Scheme (DEQAS), which ensures 

the quality and standardization of assays by assessing 

the accuracy of laboratories in measuring serum total 25 

(OH)D compared to specifically distributed human 

serum samples.

Overall, the meta-analysis reported here is, to the 

knowledge of the authors, the first to quantify the effect 

of vitamin D2 supplementation on vitamin D3 concen

trations. Previous research has examined the relative 

function of vitamin D2 and D3 to increase total 25(OH) 

D levels after supplementation and determined that 

vitamin D3 appears to be more effective. However, cur

rent recommendations surrounding vitamin D defi

ciency and sufficiency all focus on total serum 25(OH) 

D concentrations. To develop current knowledge of 

optimal concentrations of 25(OH)D2 and 25(OH)D3, 

further research is required to first understand vitamin 

D2 and D3 functioning after supplementation. The 

majority of RCTs utilized for this meta-analysis have 

only incidentally published data for vitamin D3 levels, 

while studying other outcomes of vitamin D2 supple

mentation. There is, therefore, limited research in exis

tence that has deliberately investigated this inverse 

relationship. This systematic review and meta-analysis 

will hopefully bring attention to the continued research 

required to better understand vitamin D and to initiate 

continued investigation into the consequences of vita

min D2 supplementation.

This study extends present understanding of the 

physiological responses that adult humans have after 

vitamin D2 supplementation and affirmed the direc

tional influence this response has upon serum vitamin 

D3 levels. The physiological impact of decreased vita

min D3 concentrations in persons with serum 25(OH) 

D sufficiency appears to generally be unquestioned and 

is unknown. Future research is needed to discern 

whether there is a negative physiological impact on 

vitamin D functioning when vitamin D3 levels are low

ered but total 25(OH)D levels are replete, as this would 

have further influence upon the limiting of vitamin D2 

supplementation. A similar meta-analysis is now 

required to assess the inverse relationship between vita

min D3 supplementation and serum 25(OH)D2 

concentrations.

The implications of this research will hopefully 

inform future policy surrounding the use of vitamin D3 

over vitamin D2 for supplementation purposes. 

Regardless of the changes reported in this meta-analysis 

with respect to vitamin D3 levels when vitamin D2 is 

supplemented, it has now been reported in the literature 

that vitamin D3 raises total 25(OH)D status more effec

tively than vitamin D2.48 Vitamin D2 supplement pro

duction would of course remain necessary to facilitate 

availability for personal requirements, as nearly all vita

min D3 supplements are derived from animal sources 

and are therefore not applicable to vegans. However, 

the production and prescription of vitamin D3 as a 
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first-line recommendation may be a useful policy to 

implement due to the potential detrimental influence 

vitamin D2 supplements may have upon serum 25(OH) 

D3 status.

CONCLUSIONS

A statistically significant reduction of approximately 

18 nmol/L in serum 25(OH)D3 concentration was 

found after vitamin D2 supplementation compared to 

control, using end of trial data, and a reduction of 

approximately 9 nmol/L using absolute change data. 

The demonstration of this result in RCTs suggests there 

is a causal relationship between vitamin D2 supplemen

tation and a subsequent decline in 25(OH)D3 levels. 

Further research into the mechanistic and physiological 

function of vitamin D2 and D3 supplementation should 

be a priority, in order to assess whether vitamin D3 

should be the first line choice for supplementation, sub

ject to personal considerations.
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